Colony morphology, beta hemolysis on horse blood agar, P-glucuronidase activity, and ability to ferment sucrose and/or trehalose defined two biotypes ofArcanobacterium haemolyticum. One, the smooth type, grew as smooth, beta-hemolytic colonies and was P-glucuronidase negative but often fermented sucrose and/or trehalose, while the other, the rough type, grew as rough colonies and was nonhemolytic, P-glucuronidase positive, and negative for sucrose and trehalose fermentation. About 75% of the A. haemolyticum strains studied (n = 138) were of the smooth type. The smooth type predominated in wound infections, while the rough type was isolated almost exclusively from respiratory tract specimens; thus, 84% of the smooth-type strains were derived from wounds and 91% of the rough-type strains were isolated from respiratory tracts.
The clinical importance of Arcanobacterium haemolyticum, an aerobic, slowly growing, catalase negative, gram-positive rod, has been recognized since the early 1940s (2, 11) . Recently, it has been isolated not only from patients with tonsillitis but also from patients with other infections (13) .
The criteria used to identify A. haemolyticum are well established (1, 7) . A report on the effects of media, atmosphere, and incubation time on A. haemolyticum colony morphology has recently been published (3) . We found that colony morphology and beta hemolysis on horse blood agar varied with individual A. haemolyticum isolates, and the colonies were of either the smooth or the rough type. The colony types were found to correlate with two biotypes. The two biotypes are described in this report.
MATERIALS AND METHODS
Bacterial strains. The A. haemolyticum strains studied (n = 138) were clinical isolates collected by our laboratory and other Finnish clinical microbiology laboratories between 1989 and 1992. The strains were isolated from blood agar plates, identified as described by Krech and Hollis (7) , and preserved in skim milk at -70°C until used. Thirty-six of the isolates were from throats, 6 were from peritonsillar abscesses, 3 were from maxillary sinuses, 92 were from wounds, and 1 was from a blood culture. Patients with tonsillar infections from whom A. haemolyticum was isolated were usually young adults (mean age, 20.0 ± 0.9 years; range, 3.4 to 37.1 years), while patients with wound infections were older than the patients with tonsillar infections. As Electron microscopy. For electron microscopy, bacteria obtained from horse blood agar plates after 48 h of incubation were prefixed with 2.5% buffered glutaraldehyde for 2 h at room temperature and then centrifuged at room temperature (10,000 x g, 30 s; Eppendorf 5412 centrifuge; Eppendorf Geratebau, Hamburg, Germany). The supernatant was discarded, and the samples were stained with tannic acid, washed twice with phosphate buffer (pH 7.3), and sliced into thin sections as previously described (9) . Electron micrographs of thin-sectioned specimens were taken with a JEM-1200EX transmission electron microscope (JEOL, Tokyo, Japan) at 60 kV. Negative staining was done with 2% phosphotungstic acid, and the cells were studied with a JEM-IOOCX transmission electron microscope (JEOL) at 60 kV.
RESULTS
Culture characteristics. Smooth and rough colony types were found on horse blood agar plates after 48 h of incubation. Each smooth colony had a smooth, glistening surface and an entire edge and was surrounded by a zone of moderate-tostrong beta hemolysis. Each rough colony had a rough surface (7), the percentages of the smooth/rough types positive were as follows: nitrate reduction, 0/0; urease activity 0/0; gelatin hydrolysis, 0/0; motility, 0/0; reverse CAMP, 100/100; glucose fermentation, 100/100; maltose fermentation, 99/100; sucrose fermentation, 53/0; mannitol fermentation, 0/0; xylose fermentation, 0/0. In API Staph, the positive percentages were as follows: glucose fermentation, 100/100; fructose fermentation, 99/100; mannose fermentation, 99/88; maltose fermentation, 100/100; lactose fermentation, 100/100; mannitol fermentation, 0/0; xylitol fermentation, 0/0; melibiose fermentation, 0/0; nitrate reduction, 0/0; alkaline phosphatase activity, 76/47; Voges-Proskauer reaction, 0/0; raffinose fermentation, 3/0; xylose fermentation, 0/0; oa-methyl-o-glucoside utilization, 0/0; N-acetylglucosamine utilization, 94/100; arginine dihydrolase activity, 0/0; urease activity 0/0.
b By diagnostic tablets.
and an irregular edge. Beta (9 of 33) and 0%, respectively, gave a profile of 2530361; 15% (5 of 33) and 0%, respectively, gave a profile of 6530361; 3% (1 of 33) versus 0% gave a profile of 6530360 and 3% (1 of 33) versus 6% (1 of 18) gave a profile of 2730361; 0 and 72% (13 of 18), respectively, gave a profile of 2730360; and 0 and 6% (1 of 18), respectively, gave a profile of 2510360, 2710360, or 3730360. The 3-glucuronidase and sucrose fermentation tests are included in the API Coryne identification strip. Discrepant 3-glucuronidase test results between the diagnostic tablets and API Coryne were obtained with two strains of the rough type, which both tested ,B-glucuronidase positive with the tablets and negative by API Coryne, and one strain of the smooth type, which was positive by API Coryne but negative with the diagnostic tablet. One strain of the rough type tested sucrose positive by API Coryne but negative by API Staph.
Electron microscopic studies. Three smooth-type and three rough-type strains, as well as A. haemolyticum ATCC 9345, showed similar extracellular material surrounding the cell walls (Fig. 1) . The biotypes could not be distinguished on the basis of conventional thin-sectioning and negative-staining techniques. None of the strains had an S layer.
Distribution of the biotypes in different infections. The rough biotype was isolated mainly from respiratory tract specimens, and the smooth biotype came mainly from wounds ( Table 2) . Of the 32 rough-type isolates, 29 (91%) were derived from respiratory tract specimens while 89 (84%) of the 106 smooth-type isolates were from wounds. The blood culture isolate was of the smooth type. The blood culture strain was from a 45-year-old diabetic male with an amputation of a gangrenous foot. Streptococcus agalactiae was simultaneously isolated from the blood, and both organisms were cultured from a tissue specimen from the affected foot, together with Staphylococcus aureus and Bacteroides fragilis.
DISCUSSION
Colony morphology and beta hemolysis on horse blood agar divided clinical A. haemolyticum isolates into smooth and rough colony types. A. haemolyticum has been isolated from both sheep blood agar plates and horse blood agar plates (3, 4, 13) . In this study, the isolates were from horse blood agar plates and were easily recognized after 48 h of incubation in a C02-enriched atmosphere. The growth of A. haemolyticum on sheep blood agar plates and horse blood agar plates was equally good upon subcultures, but the differences in colony morphology and hemolysis of the two biotypes were easier to interpret with horse blood agar plates. The smooth and rough colony morphologies correlated with two biotypes. The Krech and Hollis criteria did not differentiate between the two types of A. haemolyticum, but the two biotypes could be defined by f-glucuronidase activity and the ability to ferment sucrose and/or trehalose. P-Glucuronidase activity alone correctly identified 99% of the A. haemolyticum strains as the smooth or rough biotype. A. haemolyticum has previously been reported to be 3-glucuronidase negative. The discrepancy may be due to the different substrates, such as 7-bromo-3-hydroxy-2-naphtoic-o-aniside-13-D-glucuronide rather than p-nitrophenyl-3-Dglucuronic acid, used to test ,B-glucuronidase activity (8, 12) . The API Coryne system, which has been shown to identify A. haemolyticum correctly (5, 6), seems also to be able to differentiate between the two biotypes.
Biotypes ofA. haemolyticum have not been reported before. Fell et al. (4) , however, described two colony types of A. haemolyticum, smooth and rough. Electron microscopic studies did not differentiate between the two biotypes ofA. haemolyticum: both biotypes had extracellular amorphous polymeric material containing at least proteins. None of the strains possessed a paracrystalline S (surface) layer (10) . There are no previous electronic microscopic studies on A. haemolyticum.
The smooth and rough biotypes of A. haemolyticum were isolated from different anatomical sites. The rough type predominated in respiratory tract isolates, and the smooth type predominated in wound isolates. Whether this difference is due to, for instance, different adherence properties remains to be established.
The smooth and rough biotypes of A. haemolyticum thus seemed to preferentially cause different infections. The two biotypes differed not only by colony morphology and beta hemolysis but also by 3-glucuronidase activity.
